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(57) Abstract 

A tunable optical transmission circuit has a light source (20) forming an input to a waveguide (12), a detector (21) detecting light output 
from the waveguide, a comparator for comparing the output with a predetermined value to generate a difference signal and a waveguide 
trimmer for changing the waveguide transmission in dependence on the difference signal until the output matches the predetermined value. 
In a preferred embodiment, trimming of the waveguide is effected by use of a trimming laser (30) operated to form a cut (31, 32) in the 
wall of the optical waveguide. 
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OPTICAL WAVEGUIDE ATTENUATION 



The invention relates to methods and apparatus for optical 
waveguide attenuation . 

In optical transmission devices including optical waveguides, it 
may be necessary to measure and modify attenuation in an optical 
waveguide and the relationship between the operating parameters 
of devices used at an input and an output of the waveguide . 
Testing of equipment using such optical waveguides and the 
setting of input or output equipment depending on the attenuation 
characteristics may well be costly in both time and expense. 

It is an object of the present invention to provide an improved 
method and apparatus of matching the attenuation of an optical 
waveguide with the operating characteristics of apparatus used 
at the input and/or output ends of the waveguide. 

The invention provides a method of tuning optical transmission 
characteristics of an optical transmission circuit including an 
optical waveguide, which method comprises supplying light to an 
input of the waveguide, detecting the amount of output light 
emitted from the waveguide, comparing the light output with a 
predetermined value of output to generate a difference signal, 
driving a waveguide trimmer to change the waveguide transmission 
characteristics at a selected position along the waveguide, said 
driving of the waveguide trimmer being responsive to the 
difference ■ signal so that the waveguide trimmer is operated to 
continue change in the transmission characteristics while 
detecting the amount of light output until the light output value 
matches said predetermined value. 

Said predetermined value may be set in dependence on an input 
value of a light source used to provide the light input to the 
waveguide . 



Conveniently trimming of the waveguide is effected by use of a 
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trimming laser operated to form a cut in the waveguide . Devices 
other than a laser may be used. 

The cut may be acute angle to the length of the waveguide to 
reduce reflection towards the input of the waveguide. 

Preferably the waveguide is formed in an integrated silicon chip. 

The waveguide may be formed as a rib in a silicon layer formed 
over a layer of silicon dioxide. 

The waveguide may form part of an optical transmission path 
between a light source and an optical fibre, said detecting of 
"output light comprising detecting light entering said optical 
fibre . 

The trimming of the waveguide may be effected to result in a 
desired value of output light in the optical fibre relative to 
an input value operating the light source. 

The waveguide may form part of an optical transmission path 
between a light source and a monitor device for monitoring light 
output from the light source. 

The trimming of the waveguide may be effected to result in a 
desired value of monitor output signal relative to an input value 
operating the light source. 

Preferably said monitor device comprises a photodiode. 

Conveniently the input to the waveguide is generated by a laser 
device having a light output related to an electrical input 
signal supplied to the laser. 

Preferably said waveguide forms part of a waveguide network 
connecting a light source to both an optical fibre and to a 
monitor device, said method comprises trimming one waveguide 
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region in dependence on lighc detected at the optical fibre to 
obtain a desired value of light entering the fibre, and trimming 
a different waveguide region which leads to the monitor buc is 
independent of the path to the optical fibre, thereby obtaining 
a desired output from the monitor. 

Conveniently the waveguide network includes a first waveguide 
region forming a common path to both the optical fibre and the 
monitor and a second region which provides independent 
transmission paths to the monitor and to the optical fibre, said 
method including forming one trimming in the first waveguide 
region and a second trimming in said second waveguide region. 

In one embodiment said first waveguide region is formed by a 
part of a first waveguide and said second waveguide region 
comprises two independent optical paths, one being formed as an 
extension of said first waveguide and the second being formed by 
a second waveguide optically coupled to the first waveguide. 

The invention also provides apparatus for tuning the optical 
transmission characteristics of an optical transmission circuit 
including an optical waveguide, which apparatus comprises a power 
supply for connection to a light source which forms an input to 
an optical waveguide, a light level detector for detecting output 
light emitted from the waveguide, a comparator for comparing the 
light output with a predetermined value to generate a difference 
signal, a waveguide trimmer for changing the waveguide 
transmission characteristics at a position intermediate the ends 
of the waveguide , and drive circuitry for operating the waveguide 
trimmer, said drive circuitry being coupled to said comparator 
and arranged to operate the waveguide trimmer until the light 
output value matches said predetermined value. 

The apparatus may be arranged for trimming a waveguide network 
interconnecting a light source with an optical fibre and a 
monitor, which apparatus comprises a first detector for detecting 
a light level reaching the optical fibre, a second detector for 
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detecting an output signal level from the monitor, control 
circuitry responsive to output signals from the first and second 
detectors and comparing them with predetermined values and drive 
circuitry responsive to an output of said control circuitry for 
operating a trimming laser for effecting two trimming operations 
in the waveguide network in order to achieve required levels both 
for the output of the monitor and light entering the optical 
fibre . 

An embodiment of the invention will now be described by way of 
example and with reference to the accompanying drawings in which: 

Figure 1 is a schematic view of one embodiment of the invention 
for use in varying the attenuation of an optical waveguide, 

Figure 2 shows in more detail a. waveguide structure which may be 
used in the apparatus of Figure 2, 

Figure 3 shows one form of cut which may be formed in a waveguide 
trimming operation in use of the apparatus of Figure 1, and 

Figure 4 shows an alternative cut which may be used in a trimming 
operation in use of the apparatus of Figure 1. 

The embodiment shown in Figure 1 relates to the tuning of optical 
attenuation in a waveguide formed on a substrate which may be a 
silicon-on-insulator chip 11. The waveguide forms part of a 
waveguide network consisting of a first waveguide 12 and a second 
waveguide 13. The two waveguides are optically coupled in' a 
region 14 . Each of the waveguides 12 and 13 is formed as a 
single mode silicon waveguide structure consisting of a rib 15 
as shown in Figure 2 . The chip 11 is formed as a monolithic 
structure having a silicon substrate 16 covered by a silicon 
dioxide layer 17. A further silicon layer IS extends into the 
rib 15 with a silicon dioxide coating 19 extending over the 
silicon 18. 



WO 99/63373 



PCT/GB99/01768 



5 

Mounted on the chip 11 is a light source 20 in the form of an 
electrically driven laser diode as well as a photodiode 21 acting 
as a monitor by producing an output current depending on the 
light generated by the laser 20. An external optical connection 
from the chip is provided by an optical fibre 22. The chip may 
act as a light transmitter for light which is generated by the 
laser 20 and output through the fibre 22. In that case light 
from the source 20 passes firstly through the waveguide 12 and 
then through the optical coupling 14 into the second waveguide 
13 before being output* through the fibre 22. The chip may also 
act as a receiver in which case light received through the fibre 
22 will be directed along the waveguide 13 and may be received 
by a light detector (not shown) coupled to an end of the 
waveguide 13 from the fibre 22. 

To monitor the light output from the laser 20, light is directed 
along the waveguide 12 to the photodiode 21 which generates an 
output current detected by a current detector 25 . The power to 
the laser 20 is determined by an adjustable power supply 26. 
When the chip is being used to output light, light passing 
through the fibre 22 from the light source 2 0 is detected by a 
light sensor 27 which provides a signal on line 28 indicating the 
amount of light entering the fibre 22. 

Due to variations in the operating characteristics of the laser 
20 and the photodiode 21 as well as variations in the attenuation 
in the waveguides 12 and 13, considerable variations may occur 
in the relationship between currents detected by the current 
detector 25 for a given electrical supply to the laser 20 and 
similarly considerable variations occur in the light entering the 
fibre 22 in relation to the selected power supply for the laser 
20. This embodiment: provides apparatus and a method for tuning 
products so as to achieve accurate relationships between drive 
supply for the laser 20 and the output of a photodiode 21 as well 
as for the relationship between the drive supply to the laser 20 
and the amount of light entering the fibre 22. This allows for 
substantially increased yield for a predetermined set of 
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specifications in products by tuning the waveguide attenuacion 
to permit the desired relationships becween the laser input and 
the two outputs referred to above. 

A trimming laser 30 is provided to trim the attenuation of the 
waveguide 12 by forming cuts in the rib at positions marked 31 
and 3 2 in Figure 1. The position of the trimming laser 3 0 can 
be varied as shown under the control of a position control unit 
33. Power to the trimming laser 30 is varied under the control 
of a power control 3 5 arranged to receive an input from line 28 
as well as an input on line 36 from the current detector 25. The 
power control unit 3 5 may also be responsive to the setting of 
the laser power supply 26 by a signal indicated on broken line 
-38. The wavelength of radiation from the trimming laser 30 is 
sufficiently different from that of the laser 20 so that light 
from the trimming laser 3 0 does not supplement the detected level 
of light transmitted through the waveguide to either the optic 
fibre or photo diode. 

In use, laser 20 is powered with a preset driving current from 
the power supply 26. The amount of light entering the fibre 22 
is detected by the light sensor 27. The power control 35 
compares the signal on line 28 in relation to the power supply 
setting detected from line 38. It then operates the laser 30 
which is directed by the position control 33 so that the trimming 
beam from the laser impinges on waveguide 12 at position 31. So 
long as the power control 35 senses a difference between the 
' signal level on line 28 and a predetermined level required for 
light in the fibre 22, laser 30 will continue to cause damage *to 
the waveguide 12 in the region 31 until the signal on line 28 
reaches the required level corresponding to a required ratio of 
input current to the laser 20 and light output through the fibre 
22. The laser .30 is then switched off. At that point the 
position control 33 adjusts the position of laser 30 so that the 
laser beam is directed to the region 32 on waveguide 12 . The 
value of monitor current in line 3 6 is then sensed by the power 
control 3 5 and compared with a preset value in relation to the 
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drive current of the laser 20. If a difference is detected then 
the power control 35 switches on laser 30 to trim the attenuation 
of waveguide 12 in region 32. The trimming is continued while 
continuing to sense the monitor current on line 36 until the 
monitor current indicates that the output of the photodiode 21 
has the correct ratio with the input current of the laser 20. 
At that point the laser 30 is switched off. The product has then 
been tuned to provide the correct ratio of output signals both 
from the monitor 21 and the fibre 22 in relation to the drive 
current used for the light source laser 20. 

The laser 3 0 may be arranged to form a cut 4 0 as indicated in 
Figure 3 which extends at right angles across the length of the 
rib 15. Alternatively the laser 30 may be directed at the 
waveguide 12 so as to produce an angled cut 41 as shown in Figure 
4. In this case the cut 41 extends transversely across the rib 
15 at an acute angle relative to a line 4 2 perpendicular to the 
length of the rib 15 . With such an angled cut formed in the 
waveguide wall/ light reflected towards the laser source 20 is 
reduced. The cut may be formed across the top of the rib or 
alternatively in the side wall of the rib. 

It will be seen that by effecting two laser trimming operations 
in sequence, the first trimming at location 31 affects the 
attenuation of light passing both to the photodiode 21 and to the 
optic fibre 22. Once attenuation has been carried out at point 
31 to achieve the correct output through the fibre 22 it is 
necessary that the second trimming operation at region 3 2 affects 
only the light passing to the photodiode 21 and does not cause 
any further change in the light reaching the fibre optic 22. 

The invention is not limited to the details of the foregoing 
example. For instance, instead of cuts as shown in Figures 3 and 
4 other waveguide damage, such as abrasion, may be used to vary 
the transmission through the waveguide. Such abrasion may result 
from laser damage ;o the substrate close to the waveguide. 
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Although the example illustrates an integrated silicon on 
insulator structure for formation of the waveguide, other 
structures may be used. Instead of a rib waveguide, a buried 
guide may be formed. The invention may be used on both 
transmitters and receivers of light and may be used in other 
optical planar waveguide circuits to control variation in 
attenuation through an optical transmission circuit incorporating 
a waveguide. It may be used in the final test of attenuators, 
dense wavelength division multiplexors and multiway transmitters. 
Instead of using a trimming laser 3 0 other trimming techniques 
to vary the attenuation may include optical, chemical, mechanical 
and focused energy techniques. 

'All the above described embodiments provide a method of actively 
tuning attenuation in a waveguide circuit while continuing to 
monitor light received at an output from the waveguide. The 
light detection at the output is tuned to detect only the 
radiation wavelength of the laser source 20 and not to include 
any light of the wavelength used by the trimming laser 30. 

In the example of Figure 1 the first trimming operation to vary 
the light transmitted to the detector 27 is carried out on the 
waveguide 12 in the region 31. However, as an alternative, this 
first trimming operation may be carried out on waveguide 13 
leading to the optic fibre 22 . 

The light source used may be a light emitting diode (LED device) 
in place of the laser 20. 
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CLAIMS : 



1. -A method of tuning optical transmission characteristics of 
an optical transmission circuit including an optical waveguide, 
which method comprises supplying light to an input of the 
waveguide, detecting the amount of output light emitted from the 
waveguide, comparing the light output with a predetermined value 
of output to generate a difference signal, driving a waveguide 
trimmer to change the waveguide transmission characteristics at 
a selected region along the waveguide, said driving of the 
waveguide trimmer being responsive to the difference signal so 
that the waveguide trimmer is operated to continue change in the 
transmission characteristics while detecting the amount of light 
output until the light output value matches said predetermined 
value . 

2. A method according to claim 1 in which said predetermined 
value is set in dependence on an input value of a light source 
used to provide the light input to the waveguide. 

3. A method according to claim 1 or claim 2 in which trimming 
of the waveguide is effected by use of a trimming laser operated 
to form a cut in a wall of the waveguide. 

4. A method according to claim 3 in which the cut is at an 
acute angle to the length of the waveguide to reduce reflection 
towards the input of the waveguide. 

5. A method according to any one of claims 1 to 4 in which the 
waveguide is integrated on a substrate. 

6. A method according to claim 5 in which the substrate is a 
silicon chip. 

7. A method according to claim 5 in which the waveguide is 
formed as a rib in a silicon layer formed over a layer of silicon 
dioxide . 
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8. A method according to any one of the preceding claims in 
which the waveguide forms part of an optical transmission path 
between a light source and an optical fibre, said detecting of 
output light comprising detecting light entering said optical 
fibre. 

9. A method according to claim 8 in which the trimming of the 
waveguide is effected to result in a desired value of output 
light in the optical fibre relative to an input value operating 
the light source. 

10. A method according to any one of the preceding claims in 
which the waveguide forms part of an optical transmission path 

"between a light source and a monitor device for monitoring light 
output from the light source. 

11. A method according to claim 10 in which the trimming of the 
waveguide is effected to result in a desired value of monitor 
output signal relative to an input value operating the light 
source . 

12. A. method according to claim 10 or claim 11 in which said 
monitor device comprises a photodiode . 

13 . A method according to any one of the preceding claims in 
which the input to the waveguide is generated by a laser device 
having a light ' output related to an electrical input signal 
supplied to the laser. 

14 . A method according to any one of claims 1 to 12 in which the 
light source forming an input to the waveguide is an LED device. 

15. A method according to any one of the preceding claims in 
which said waveguide forms part of a waveguide network connecting 
a light source to both an optical fibre and to a monitor device, 
said method comprises trimming one waveguide region in dependence 
on light detected at the optical fibre to obtain a desired value 
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of light entering the fibre, and trimming a different waveguide 
region which leads to the monitor but is independent of the path 
to the optical fibre, thereby obtaining a desired output from the 
monitor . 

16. A method according to claim 15 in which the waveguide 
network includes a first waveguide region forming a common path 
to both the optical fibre and the monitor and a second region 
which provides independent transmission paths to the monitor and 
to the optical fibre , said method including forming one trimming 
in the first waveguide region and a second trimming in said 
second waveguide region. 

17. A method according to claim 16 in which said first waveguide 
region is formed by a part of a first waveguide and said second 
waveguide region comprises two independent optical paths, one 
being formed as an extension of said first waveguide and the 
second being formed by a second waveguide optically coupled to 
the first waveguide. 

18. Apparatus for tuning the optical transmission 
characteristics of an optical transmission circuit including an 
optical waveguide, which apparatus comprises a power supply for 
connection to a light source which forms an input to an optical 
waveguide, a light level detector for detecting output light 
emitted from the waveguide, a comparator for comparing the light 
output with a predetermined value to generate a difference 
signal, a waveguide trimmer for changing the waveguide 
transmission characteristics at a position intermediate the ends 
of the waveguide, and drive circuitry for operating the waveguide 
trimmer, said drive circuitry being coupled to said comparator 
and arranged to operate the waveguide trimmer until the light 
output value matches said predetermined value. 

19. Apparatus according to claim 18 for trimming a waveguide 
network interconnecting a light source with an optical fibre and 
a monitor, which apparatus comprises a first detector for 
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detecting a light level reaching the optical fibre, a second 
detector for detecting an output signal level from the monitor, 
control circuitry responsive to output signals from the first and 
second detectors and comparing them with predetermined values and 
drive circuitry responsive to an output of said control circuitry 
for operating a trimming laser for effecting two trimming 
operations, in the waveguide network in order to achieve required 
levels both for the output of the monitor and light entering the 
optical fibre. 
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